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Oxygen as an element was discovered in the 17^th^ century. The importance of oxygen to combustion and then life was quickly determined. By contrast, conventional uses of oxygen in medicine did not occur until about 50 years ago. It is noteworthy that the almost simultaneous development of oxygen therapy, at elevated pressures (hyperbaric oxygen (HBO)), for decompression illnesses (the bends) in the US,\[[@ref1]\] and for gas gangrene in Holland,\[[@ref2]\] was almost 40 years after such oxygen therapy had been proposed as a panacea by practitioners who are now best described as charlatan.

The significance of this history of that HBO therapy has been bedeviled by such charlatanism and quackery, and even amongst conventional practitioners, by unsupportable claims of efficacy, such that many health providers regard such treatment pejoratively.\[[@ref3]\] The downside of this cynicism is that many patients who would otherwise benefit from HBO therapy have been denied access to this treatment. In addition, many patients have been treated for barely plausible reasons, at both financial and personal cost.

The other salient point that arises from a consideration of the history of HBO therapy is that it is a new modality and that throughout its 50-year history, the standard of clinical research has been poor. As such, the available clinical database is of limited utility. In some instances, the lack of data arises from the nature of the illness. The sporadic and often life-threatening nature of decompression illness, and the spectacular life and limb-saving effects of HBO therapy are such that attempts to conduct a randomized controlled trial have not obtained ethical approval. Similarly, conditions such as clostridial gas gangrene is rare and otherwise lethal, making conventional study, at best, problematic.

Other conditions, such as carbon monoxide poisoning, have had extensive clinical study, although, with one exception, these clinical studies would not meet the higher level criteria for inclusion in a Cochrane Evaluation.\[[@ref4]\] That single randomized controlled trial was conducted in Salt Lake City and showed a number needed to treat (NNT) of about five to avoid some form of sequelae. Despite the positive result of this single properly conducted study, many patients who have been poisoned by carbon monoxide are nevertheless not offered treatment. This is a difficult situation to understand given that the number needed to harm (NNH) for HBO therapy in this context is extremely high.

In modern clinical settings, the most common application of HBO therapy is for non-healing wounds in diabetics.\[[@ref5]\] The effect of HBO on a diabetic wound is complex and multifactorial, and has advantages both in terms of financial and disease outcome. Attempts to use HBO to treat other forms of non-healing wound have been less successful, in part due to the reality that many of these arise in patients with essentially no useful peripheral circulation.

With regard to diseases and injuries of the eye, there are no useful clinical studies to validate the use of HBO; although, ironically, the first observation of the etiology of decompression illness was the observation of a bubble in a viper\'s eye. There are a number of case studies, which report good outcomes in patients with mucormycosis of the orbit, occlusive conditions of the retinal vasculature and in various degenerative illnesses and injuries of the eyes.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\] Clearly, using HBO to treat an infection caused by an obligate anaerobe or as an adjunct in the treatment of conditions that involve hypoxia and/or ischemia, makes sense from a biological perspective. However, the biological effect of oxygen is very complex, and certainly dose-related, such that any treatment based on first principles would need to be conducted with careful consideration of dose intensity, duration, and frequency.\[[@ref23]\]

As is true for all aerobic organisms, humans depend upon oxygen for normal biology. As the oxygen tension, which humans are subjected to is lowered from those present in the earth\'s atmosphere, conditions of hypoxia onset. Humans are very well-adapted to hypoxic conditions,\[[@ref24]\] with short-term responses by way of relative increased perfusion of the brain and heart, and long-term responses in regard to oxygen-carrying capacity and transfer functions in blood. Nevertheless, a level of hypoxia is reached at which human biology fails.

Similarly, and as well shown by sentinel experiments conducted during World War II, as oxygen tensions are raised above those present in the earth\'s atmosphere, oxygen becomes injurious;\[[@ref25]\] largely through the production of a range of free radicals which exceed the body\'s scavenging and clearance capacity. Prolonged breathing of oxygen at greater than 60 kilopascals results in interstitial lung injury. By contrast, breathing oxygen at greater than 100 kilopascals, and more particularly at greater than 160 kilopascals, results in significant disruption of normal brain biology and eventually convulsions.

This overview of hypoxia, normoxia, and hyperoxia at a whole of organism level, is also true for almost every cellular and subcellular function in the human body. For example, as was shown over 30 years ago,\[[@ref26]\] PMNL motility and killing capacity of microorganisms is inhibited under conditions of hypoxia, stimulated in normoxic conditions, and again inhibited at extreme hyperoxia. The use of oxygen therapy then in this context would be to convert a hypoxic tissue, where PMNL function is inhibited, to a normoxic tissue, in which such function is restored.

By contrast, in decompression illness and carbon monoxide poisoning, where neutrophil diapedesis from the cerebral circulation induces lipid injury, changes in the antigenicity of myelin basic protein, and in turn precipitates an immune mediated neuropathy,\[[@ref27]\] the use of oxygen as a treatment is at deliberately "poisonous levels" to inhibit neutrophil function. In particular, the cyclic guanosine monophosphate (GMP) regulation of neutrophil binding to endothelial cells is inhibited at high levels of oxygen such that activated neutrophils are "trapped" within the circulation.

Another illustration of the complexity of oxygen\'s biology and the importance of dose in medical applications, is in wound healing,\[[@ref5]\] and where collagen maturation and cross-linking is inhibited at low oxygen tensions. Consequently, in chronically hypoxic tissue, where there is no meaningful oxygen tension gradient across the edge of the wound, there is little or no release or angiogenesis factor by macrophages, and similarly little or no collagen formation to provide the template for consequent wound healing. In these circumstances, judicious use of oxygen, to restore normal oxygen tensions in adjacent tissues, and to create an oxygen gradient across the wound edge, can provide significant stimulation of wound healing. That is, new blood vessels form or bud from existing vessels and grow into the wound, collagen is formed, laid down, and cross linked. Interestingly, as the wound revascularizes, the dose of oxygen that the patient has to be subjected to, to achieve the desired level of tissue oxygen tension decreases and often quite dramatically.

All of this argument is not only to illustrate that the dose of oxygen needs to be selected to achieve the desired tissue tension, but that the dose will change as treatment progresses.

In regard to diseases and injuries of the eyes then, the biology of oxygen, and the medical applications of this, clearly has great appeal for a range of hypoxic and ischemic conditions. However, the measurement of intraocular and periocular tensions in response to different oxygen doses and the effect that these have on these diseases, is yet to be determined. Clearly, it is possible to postulate mechanisms of action by which oxygen therapy may positively influence the outcome for patients with "epidemic" diseases in modern societies such as glaucoma and macular degeneration. Ironically, most of the current interface between ophthalmology and optometry, and HBO, is the large number of elderly patients who are being treated with HBO for non-healing wounds and who commonly develop reversible changes in visual refraction and or experience an acceleration of preexisting cataract.\[[@ref28]\]

It follows that HBO is a potential as compared to a proven therapy for any illness of injury of the eye. It is also self-evident that there is a need for careful evaluation of the potential utility of HBO in such injuries and illnesses. The return on this research investment may well be significant given the huge social and financial cost of degenerative and other eye diseases in ageing communities.
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